In a search for naturally occurring antimicrobial compounds in medicinal plants and herbs, seven flavanones were isolated from the aerial parts of Rhododendron hainanense and were tested for their antimicrobial activities against six bacteria and six plant pathogenic fungi. Within the series of flavanones tested, farrerol (1) displayed moderate antibacterial activities against Bacillus cereus, B. subtilis, Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli and Erwinia carotovora, with MICs ranging from 15.6 to 125 µg/mL. Furthermore, farrerol (1) exhibited excellent inhibitory activities against six plant pathogenic fungi: Fusarium oxysporum f. sp. niveum, Colletotrichum gloeosporioides, Penicillium italicum, Rhizoctonia solani, Fusarium oxysporum f. sp. cubenserace and Phytophthora melonis, with EC 50 values of 9 , 18, 35, 39, 46 and 66 µg/mL, respectively. This is the first report on farrerol with anti-plant pathogenic fungal activities.
For many years, a large number of synthetic chemicals have been used as antimicrobial agents to inhibit plant pathogenic fungi and bacteria. However, there have been obstacles against the effective use of these chemicals in areas where fungi and bacteria have developed resistance [1] . To overcome this problem, higher concentrations of these chemicals have been used, but this had led to increased risk of high-level toxic residues in products. Thus, there has been a growing interest in screening for the possible use of safe and biodegradable compounds [2] . Among the various alternatives, natural antimicrobial compounds, especially those extracted from plants, are catching the attention of scientists worldwide [3] .
Rhododendron is an important genus of the Ericaceae family. For years, some Rhododendron species have been applied in traditional medicines to treat various kinds of diseases [4] . The characteristic compounds of this genus are flavonoids, coumarins, and tannins [5] . Flavonoids has become the subject of antimicrobial research, and many groups have isolated flavonoids possessing antifungal, antiviral and antibacterial activities [6] .
The 80% EtOH extract of the leaves and twigs of R. hainanense was dissolved and suspended in water, then partitioned with EtOAc and n-BuOH, respectively. Initially, the inhibitory activities of the EtOAc and n-BuOH fractions against F. oxysporum f. sp. niveum were evaluated by using a growth rate method. It was found that the EtOAc fraction was active against F. oxysporum f. sp. niveum and the inhibition rate was 20.7% at the concentration of 1000 mg/mL. This prompted us to investigate the EtOAc fraction, with the result that seven flavanones identified as farrerol (1) [7] , matteucinol (2) [8], 2,3-dihydro-5-hydroxy-7-methoxy-2-(4-methoxyphenyl)-6,8dimethyl-4H-1-benzopyran-4-one (3) [9] , naringenin (4) [10] , 4'methylnaringenin (5) [10] , (2S)-2,3-dihydro-5,7-dihydroxy-2-(4methoxyphenyl)-8-methyl-4H-1-benzopyran-4-one (6) [11] , and (2S)-2,3-dihydro-5,7-dihydroxy-2-(4-hydroxyphenyl)-8-methyl-4H-1-benzopyran-4-one (5) [12] . The isolation and identification of the compounds have been described previously [13] . The inhibitory activities of the isolated compounds against F. oxysporum f. sp. niveum, C. gloeosporioides, P. italicum, R. solani, F. oxysporum f. sp. cubense race and P. melonis were evaluated using the growth rate method. Farrerol (1) possessed potent inhibitory activities against hyphal growth of F. oxysporum f. sp. niveum, C. gloeosporioides, P. italicum, R. solani, F. oxysporum f. sp. cubenserace, P. melonis, with EC 50 values of 9, 18, 35, 39, 46 and 66 µg/mL, which were either better than or similar to those of the positive control (Topsin-M). These results suggested that farrerol has broad-spectrum antifungal activity. Compound 2 showed moderate inhibitory activities against F. oxysporum f. sp. niveum, R. solani and P. melonis, with EC 50 values of 152, 65 and 152 µg/mL. Naringenin (4) only exhibited inhibitory activities against F. oxysporum f. sp. niveum and R. solani, with EC 50 values of 140 and 172 µg/mL. All the tested pathogenic fungi were less sensitive to compounds 3, 5, 6 and 7 with EC 50 values above 200 µg/mL. Farrerol (1), a dihydroflavone and a common constituent of the genus Rhododendron, was the most active of the tested compounds. The main structural differences between these compounds refer to the substituents in the aromatic rings. It could be seen that the phenolic hydroxyl group is a critical factor for the antifungal activities. In addition, the existence of C-methyl substituents at C-6 and C-8 of farrerol (1) is also important for antifungal activities compared with compound 4. In conclusion, farrerol (1) displayed a potential antifungal activity that can control the in vitro growth of certain important plant pathogenic fungi. The antibacterial activities of compounds 1-7 against B. cereus，B. subtilis, P. aeruginosa, S. aureus, E. coli and E. carotovora were tested using the micro-broth dilution method. Farrerol (1) exhibited moderate antibacterial activities against B. cereus，B. subtilis, P. aeruginosa, S. aureus, Escherichia coli and Erwinia carotovora with MICs of 125, 62.5, 62.5, 15.6, 62.6 and 62.5 μg/mL, respectively, which were either better than or similar to those of the positive control (Ampicillin). Compounds 4 and 6 showed weak activities against the tested bacteria with MICs ranging from 15.6 to 125 μg/mL, which were comparable with those of the positive control (ampicillin). Compounds 2, 3 and 7 showed no antibacterial activity against the tested bacteria. It was clearly seen that the antibacterial activities of these compounds depend significantly on the number of phenolic hydroxyl groups in their molecules. Compounds 1, 4 and 6, which possess three phenolic hydroxyl groups, showed better antibacterial activities than those bearing two or one phenolic hydroxyl groups.
This study indicated that farrerol (1) not only displayed moderate activities against the tested bacteria, but also exhibited significant inhibitory activities against the tested plant pathogenic fungi. In consideration of the relatively low toxicity of natural substances and the fact that farrerol (1) is a common constituent of leaves in numerous species of Ericaceae, it can provide a potential natural alternative to synthetic fungicides for use in agro-industries. 
Determination of inhibitory activities against hyphal growth of pathogenic fungi:
Inhibitory activities against hyphal growth of pathogenic fungi were determined using a growth rate method [14] . The sample was dissolved in 50% acetone solution to give a test solution of the required concentration. One mL of this solution was evenly mixed with 24 mL of PDA molten agar medium in a measuring cylinder, and averagely put into 3 Petri dishes (6 cm diameter) to prepare a toxic culture medium. Acetone + water (1 ; 1) was used, in the same way, to prepare a control. Hyphal discs were cut from the edge of the colony incubated in advance with a 0.4 cm bearer, and inoculated onto the middle surface of the culture medium with the hyphae lying downwards. The discs, regression equations, EC 50 and 95% confidence intervals were calculated by the least-squares method.
Antibacterial bioassay: Antibacterial activity was measured by the micro-broth dilution method in 96-well culture plates using Mueller-Hinton (MH) broth, according to the Standard of the National Committee for Clinical Laboratory [15] . The inoculum was prepared by suspending several colonies from an overnight culture of the tested bacteria from 5% sheep blood agar media in a Mueller-Hinton broth and adjusted to a turbidity of a 0.5 McFarland standard (approximately 1.5 × 10 8 colony forming units per mL). A further 1:10 dilution was made in the Mueller-Hinton broth. Stock standard solutions of each flavonoid and ampicillin in dimethyl sulfoxide (DMSO) were prepared at concentrations of 10 mg/mL and used either immediately or stored in working samples at -20ºC until use. Doubling dilutions of the antibiotics were prepared in dimethyl sulfoxide (DMSO). Five μL antibiotic solution, 10 μL bacterial suspension and 85 μL Mueller-Hinton broth were delivered to wells of a 96-microwell plate and inoculated by Dynatech MIC-2000 instrumentation. Five μL DMSO was used in the same way to prepare a control. The final concentration of the inoculum in each well was approximately 1×10 5 -1×10 6 CFU/mL. MIC endpoints were read after 8-12 h of incubation at 35ºC and were defined as the lowest concentration of the antibiotic that resulted in no bacterial growth. All analyses were made in triplicate.
